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I.  INTRODUCTION 


With  the  increased  availability  of  several  large-scale-integrated 
(LSI)  static  random-access-memory  (RAM)  technologies  having  a  1  kilobit 
capacity,  system  users  are  offered  an  increased  potential  for  more 
radiation-tolerant  memories  to  satisfy  their  individual  requirements. 

To  this  end,  a  radiation  evaluation  study  on  five  commercial  static 
RAM  arrays  was  undertaken.  The  logic  families  chosen  for  radiation 
characterization  were:  transistor-transistor-logic  (TTL),  Schottky 
TTL,  n-channel  metal -oxide-semiconductor  (NMOS),  complementary  MOS 
(CMOS),  and  CMOS/silicon-on-sapphire  (CMOS/SOS).  Table  1  lists  the 
specific  memories  chosen  for  this  study.  The  RAMS  were  tested  for 
gamma  dose-rate  logic  upset  and  survivability,  total  gamma  dose  sur¬ 
vivability,  and  neutron  fluence  survivability.  Radiation  failure 
thresholds  for  each  of  the  five  technologies  are  determined,  and  a 
brief  analysis  of  the  induced  failure  mechanism  is  given. 


TABLE  1.  SPECIFIC  MEMORIES  STUDIED 


DEVICE  NO. 

MANUFACTURER 

CAPACITY 

TECHNOLOGY 

93425DM 

Fairchild 

1024  x  1 

TTL 

S82S1 1 F 

Si gnetics 

1024  x  1 

Schottky  TTL 

MM21 02-2MD 

National 

1024  x  1 

NMOS 

MM54C929D 

National 

1024  x  1 

CMOS 

MWS5501 D 

RCA 

1024  x  1 

CMOS/ SOS 
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II.  RAM  ELECTRICAL  CHARACTERIZATION 

The  RAMs  to  be  tested  were  electrically  characterized  prior  to 
being  subjected  to  the  radiation  environments.  Characterization  was 
performed  with  the  Macrodata  MD-104  LSI  test  system.  The  MD-104 
supplies  addressing,  data,  and  control  information  to  the  test  device 
through  an  interface  circuit  board,  and  also  responds  to  data  returning 
from  the  board. 

Functional  operation  of  the  RAM  arrays  was  verified  by  using 
checkerboard,  WAKPAT,  and  GALPAT  pattern  tests.  The  checkerboard  test 
pattern  writes  an  alternating  0,  1  pattern,  and  then  reads  to  deter¬ 
mine  any  failures.  Failures  are  signaled  on  the  interface  board 
through  error  detection  circuitry.  WAKPAT  (or  walking  pattern  tests) 
tests  all  the  bits,  the  addressing,  and  the  interaction  between  the 
bits.  A  background  of  ones  or  zeros  is  written  throughout  the  memory, 
and  a  testword  (the  background's  complement)  is  then  written  in  the 
first  location  of  the  memory.  The  entire  memory  is  then  read  in 
numerical  order  to  see  that  no  information  was  disturbed.  The  test- 
word  is  rewritten  to  the  background  state,  and  each  succeeding  location 
in  the  memory  is  checked  in  the  same  manner.  GALPAT  (or  galloping 
ones  and  zeros  pattern  test)  goes  one  step  beyond  WAKPAT,  in  that  it 
tests  pattern  and  sequence  dependency  for  transient  performance.  A  test- 
word  is  written  in  the  first  location  followed  by  writing  the  rest  of  the 
memory  with  the  testword' s  complement.  Then  the  entire  memory  is  read 
in  the  following  sequence:  background  location,  testword,  next 
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background,  testword,  etc.  Each  succeeding  location  is  checked  in  the 
same  manner. 

In  addition  to  the  functional  checks,  parametric  tests  were  per¬ 
formed  on  the  RAMs  to  monitor  the  electrical  degradation  caused  by 
radiation  exposure.  Output  drive  current,  power  supply  current,  and 
memory  access  times  were  measured  at  incremental  radiation  levels. 

To  measure  output  drive  currents  in  both  the  high  and  low  states,  the 
following  (Table  2)  high  and  low  output  voltage  test  conditions  were 
used. 

TABLE  2.  HIGH  AND  LOW  OUTPUT  VOLTAGE  TEST  CONDITIONS 


DEVICE  NO. 

V0H(volts) 

VQL (volts) 

93425DM 

2.4 

0.4 

S82S11F 

2.4 

0.4 

MM21 02-2MD 

2.2 

0.45 

MM54C929D 

2.4 

0.4 

MWS5501D 

9.5 

0.5 

Electrical  characterization  of  the  devices  is  presented  in  the 
appendixes  with  the  radiation  test  data. 


III.  TRANSIENT  RADIATION  TESTS 


1.  TEST  PROCEDURES 

Gamma  dose-rate  tests  were  performed  on  the  arrays  to  determine 
their  logic  upset,  memory  upset,  and  functional  survivability  thresh¬ 
olds.  The  tests  were  performed  using  AFWL's  Febetron  705,  which 
produces  a  2  MeV  flash  X-ray  {FXR)  burst  with  a  pulse  width  of  20  ns. 
Higher  dose-rates  needed  for  functional  survivability  tests  were 
created  in  a  2  MeV  electron-beam  environment  using  a  50  ns  burst. 

Figure  1  shows  the  test  configuration  used  during  the  FXR  tests. 
RAMs  in  the  radiation  test  environment  were  exercised  by  the  Macrodata 
in  a  remote  data  room  through  the  interface  board  and  line  drivers. 

The  interface  provided  adjustable  controls  over  the  timing  and  pulse 
widths  of  the  memory  input  signals.  Line  drivers  insured  maximum 
cycle  rates  through  the  20  feet  of  coaxial  cables  to  the  memory 
arrays.  A  remote  triggering  system  synchronized  the  FXR  burst  to  any 
desired  point  within  the  memory's  operating  cycle.  This  enabled 
positioning  of  the  radiation  pulse  at  the  most  susceptible  point  in  the 
memory's  timing. 

Each  of  the  five  technologies  was  tested  in  the  read,  write,  and 
pause  cycles.  Memory  upset  occurs  whenever  memory  data  are  lost  during 
a  radiation  burst.  Therefore,  all  three  modes  of  operation  were  tested 
to  determine  the  minimum  radiation  burst  needed  for  upset.  Logic  upset 
occurs  when  the  memory  is  irradiated  in  its  read  mode  of  operation, 
and  the  word(s)  being  immediately  read  cannot  correctly  be  sensed  by 
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the  TTL  input  of  the  Macrodata;  actual  memory  data  may  not  be  lost. 
The  functional  survivability  threshold  is  that  radiation  level  where 
the  device  can  no  longer  be  made  to  functionally  operate  without 
failure. 

2.  TEST  RESULTS 

Logic  and  memory  upset  levels  for  each  of  the  five  technologies 
is  listed  in  Table  3. 


TABLE  3.  LOGIC  AND  MEMORY  UPSET  LEVELS 
DEVICE  NO.  LOGIC  UPSET  THRESHOLD  (L)  MEMORY  UPSET  THRESHOLD  (M) 
_ (rads  (Si  )/s ) _  _ (rads  (Si  )/s ) _ 


93425DM 

8.0 

X 

O 

A 

L 

< 

2.0 

X 

108 

2.0 

X 

o 

CO 

A 

M 

< 

4.0 

X 

10 

S82S11F 

2.0 

X 

O 

A 

L 

< 

4.0 

X 

107 

2.0 

X 

O 

OO 

A 

M 

< 

4.0 

X 

10 

MM2102-2MD 

9.5 

X 

O 

A 

L 

< 

1.6 

X 

108 

9.5 

X 

V 

O 

M 

< 

1.6 

X 

10 

MM54C929D 

3.4 

X 

O 

A 

L 

< 

5.0 

X 

107 

3.5 

X 

O 

A 

M 

< 

5.0 

X 

10 

MWS5501 D 

6.0 

X 

O 

O 

A 

L 

< 

7.0 

X 

1010 

6.0 

X 

O 

O 

A 

M 

< 

7.0 

X 

10 

Both  the  93425DM  and  S82S11 F  arrays  were  most  susceptible  to  memory 
upset  when  irradiated  during  the  active  R/W  portion  of  the  write  cycle. 
Memory  upset  levels  for  the  three  MOS  devices  were  approximately  the 
same  in  all  three  modes  of  operation.  Examples  of  logic  and  memory  up¬ 
set  are  shown  in  Figures  2  and  3  respectively. 

All  the  MM54C929D  arrays  that  were  FXR  tested  experienced  latchup 
at  5.0  x  107  rads(Si)/s.  As  indicated  in  Figure  4,  the  entire  memory 
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A.  PRETEST  DATA 


Figure  2 


mmmm 


Dq.|  Output 
Words  1-13 
(0101...) 


MD  Response 
No  Errors 


B.  POSTTEST  DATA 


Dq-j  Output 
Words  1-13 
(01010701  ...) 


MD  Response 
Error  Word  6 


MM2102-2M0  FXR  results.  Radiation  burst  occurs  in  word 
6  of  Read  Cycle  to  give  logic  upset  in  word  6.  A  dose- 

Q 

rate  of  1.6  x  10  rads(Si)/s  was  used. 
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A.  PRETEST  DATA 


DQ1  Output 
Words  1-11 
(0101...) 

MD  Response 
No  Errors 


B.  POSTTEST  DATA 


Dqi  Output 
Words  1-11 
(0101 ...) 

HD  Response 
Error  Words 
4,  9  -  11 


Figure  3.  MWS5501D  FXR  results.  Radiation  burst  occurs  in  word  4  of 
the  Read  cycle  to  give  logic  upset  in  word  4  and  memory 
loss  in  words  9-11.  A  dose-rate  of  7.0  x  10^  rads(Si)/s 
was  used. 
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A.  PRETEST  DATA 


Dq.|  Output 
Words  1  -  11 
(0101...) 

MD  Response 
No  Errors 


B.  POSTTEST  DATA 


DQ1  Output 
Words  1-11 
(0101 ?0?000..) 

MD  Response 
Error  Latchup 
in  Word  6 


Figure  4.  MM54C929D  FXR  results.  Radiation  burst  occurs  in  word  4  of 

of  the  Read  cycle.  Latchup  results  at  a  dose-rate  of 
5.0  x  107  rads(Si )/s. 


latched  up  in  the  logic  0  level.  Moreover,  power  supply  current  in¬ 
creased  from  its  pre- irradiation  level  of  approximately  4  mA  to  800  mA 
following  irradiation.  The  800  mA  that  was  seen  was  the  maximum 
current  the  power  supply  could  deliver.  Since  the  devices  could  be 
operated  again  after  the  power  supply  was  turned  off,  latchup  was  not 
an  indication  of  the  maximum  functional  survivability  level  in  this 
test.  At  a  level  of  2.0  x  10^  rads(Si)/s,  two  of  the  sixteen  S82S11 F 
arrays  also  latched  up  (Figure  5).  Power  supply  current  increased 
from  its  pre-irradiation  level  of  80  mA.  After  power  was  removed,  the 
devices  were  again  functional.  The  14  remaining  arrays  that  were 
tested  did  not  experience  latchup  through  3.0  x  10  rad(Si)/s. 

In  the  functional  survivability  tests,  the  93425DM  and  S82S11F 

1  p 

memories  were  found  to  survive  3.0  x  10  rads(Si)/s.  The  MWS5501 D 
and  the  MM54C929D  survivability  failure  thresholds  were  found  to  be 
4.7  x  1011  rads(Si)/s,  and  the  MM2102-2MD  arrays  became  permanently 
disabled  at  1.6  x  1011  rads(Si)/s.  The  MWS5501D  and  the  MM54C929D 
failure  threshold  was  found  with  the  2  MeV  electron  beam,  50  ns  FXR 
pulse,  whereas  the  MM2102-2MD  failure  was  found  with  the  normal  2  MeV,. 

20  ns  FXR  pulse.  It  is  believed  that  failure  for  all  of  the  arrays 
was  a  total  dose  effect  rather  than  a  dose-rate  phenomenon. 

Memory  and  logic  upsets  are  created  when  the  arrays  are  exposed 
to  transient  gamma  radiation.  The  gamma  rays  generate  electron-hole 
pairs  which,  in  turn,  cause  a  sudden  surge  in  current.  This  photocurrent 
is  generated  in  transistor  pn  junctions  and  insulators.  The  photo¬ 
current  flow  causes  changes  in  logic  levels  (logic  upset)  and  the 
memory  cell's  stored  state. 


AFVIL-TR-79-1 1 8 


Figure  5 


A.  POSTTEST  DATA 


S82S11F  FXR  results.  Radiation  burst  in  word  5  of 
Read  cycle.  Latchup  results  at  a  dose-rate  of  2.0  x  1010 
rads (Si )/s. 
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latchup  is  a  transient  photocurrent  response  In  Integrated  circuits 
that  can  be  driven  into  silicon  controlled  rectifier  (SCR)  action. 

This  latchup  condition  is  created  since  the  mechanism  in  an  SCR  structure 
(Figure  6)  is  regenerative.  To  be  possible  in  ICs,  the  SCR  action 
requires  that  a  parasitic  pnpn  path  be  present.  To  initiate  and 
maintain  latchup  across  this  path,  three  other  conditions  must  be  met. 
First,  the  composite  gain  of  the  pnpn  structure  must  be  greater  than 
one.  Second,  both  end  junctions  of  the  pnpn  path  must  be  forward 
biased.  Finally,  the  bias  circuits  which  supply  power  to  VQD  and  the 
circuit  inputs  must  be  capable  of  supplying  current  equal  to  the 
holding  current  of  the  potential  SCRs  (Ref.  1). 

Examining  a  typical  CMOS  inverter  structure  as  shown  in  Figure  6, 
one  can  easily  find  a  properly  biased  pnpn  path.  As  a  result,  all 
CMOS  bulk  devices  that  satisfy  the  aforementioned  conditions  are 
susceptible  to  latchup.  Although  a  layout  of  the  S82S11F  array  was 
not  obtained,  a  potential  pnpn  path  for  this  technology  is  given  in 
Figure  7.  Fabrication  process  variations  which  affect  the  gain  of  the 
pnpn  structure  could  explain  why  only  two  of  the  arrays  experienced 
latchup.  In  NMOS  memories,  the  fourth  junction  needed  for  SCR  action 
is  not  present.  Therefore,  this  technology  is  not  affected  by  latchup. 
CMOS/SOS  technology,  too,  is  not  troubled  with  latchup  since  it  has 
eliminated  the  parasitic  pnpn  path.  A  cross-sectional  view  of  the 
CMOS/SOS  inverter  is  shown  in  Figure  8.  The  pnp  and  npn  transistors 
are  isolated  from  each  other  by  the  sapphire  wafer.  Fairchild's 

1.  Gregory,  B.L.,  and  Shafer,  B.D.,  "Latchup  in  CMOS  Integrated 
Circuits,"  IEEE  Trans.,  Vol .  NS-20,  No.  6,  December  1973, 
pp.  293-299. 
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Figure  7.  Potential  Schottky  TTL  Figure  8.  CMOS/SOS  gate  cross-section 

latchup  path 


THERMAL  OXIDE 


Figure  9.  Isoplanar  TTL  transistor  cross-section 
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Isoplaner  TTL  RAM,  shown  in  Figure  9  (Ref.  2),  is  resistant  to  latchup 
since  the  transistors  are  isolated  from  each  other  by  thermal  cxide. 
The  only  available  latchup  is  the  vertical  path  from  the  substrate  to 
emitter.  The  highly  doped  N+  layer  lowers  the  composite  gain  of  the 
pnpn  structure,  thereby  hindering  latchup.  Furthermore,  the  substrate 
is  grounded  to  prevent  proper  latchup  biasing  conditions  (Ref.  3). 
However,  a  layout  of  the  array  should  be  obtained  to  ensure  that  there 
are  no  latchup  paths  resulting  from  crossunders  or  other  layout 
considerations. 


2.  Fairchild  Bipolar  Memory  Data  Book,  Fairchild  Camera  and  Instrument 
Corp. ,  Mountain  View,  CA,  1976,  pp.  4-3. 

3.  Crowley,  J.L.,  Junga,  F.A.,  and  Stultz,  T.S.,  "Techniques  for 
Selection  of  Transient  Radiation-Hard  Junction  Isolated  Integrated 
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IV.  TOTAL  GAMMA  DOSE  RADIATION  TESTS 

1.  TEST  PROCEDURES 

Ten  arrays  from  each  of  the  five  technologies  were  tested  for 
total  gamma  dose  survivability  at  AFWL's  CO  60  gamma  ray  source.  Both 
TTL  memory  types  were  biased  with  +VC(.  to  the  chip  and  ground  on  all 
inputs.  Each  MOS  memory  type  had  to  the  chip,  however,  five 
devices  had  +V^  to  the  inputs,  while  five  devices  had  all  inputs 
grounded.  Incremental  irradiation  of  1000  rads  or  less  were  obtained 
at  a  dose-rate  of  1  rad/s.  For  2  krad  to  5  krad  irradiations,  a  rate 
of  5  rads/s  was  used.  Increments  between  10  krads  and  25  krads  were 
at  a  27  rads/s  rate.  For  increments  greater  than  25  krads,  a  rate  of 
195  rads/s  was  used.  Following  each  incremental  irradiation,  the  RAMs 
were  electrically  characterized  and  checked  for  functional  failures. 

2.  TEST  RESULTS 

The  parametric  measurements  taken  on  the  93525DM  and  S82S11F 
arrays  at  each  incremental  radiation  level  remained  within  the  manufac¬ 
turer's  specification  for  that  device.  The  arrays  were  incrementally 
irradiated  from  50  krads  to  1  Mrad.  All  10  of  both  TTL  memory  types 
functionally  survived  the  500  krad  level.  At  1  Mrad,  the  93425DM  had 
seven  failures  out  of  ten,  while  the  S82S11F  had  only  one  failure  in 
ten.  Table  4  contains  average  parametric  measurements  for  each 
cumulative  radiation  level.  Complete  data  are  listed  in  Appendix  A. 

Not  surprisingly,  the  total  gamma  dose  functional  failure  thresholds 
for  the  MOS  memories  were  considerably  less  than  the  TTL  failure. 

All  ten  MM2102-MD  arrays  survived  500  rads(Si),  but  only  one  array 


TABLE  4. 

AVERAGE 

PARAMETRIC 

MEASUREMENTS  FROM 

TOTAL  DOSE 

TESTS 

93425DM 

Rads (Si ) : 

Pre 

50k 

100k 

300k 

500k 

l_Ma 

ICCi CmA ) 

101.3 

102.2 

102.6 

103.2 

101.1 

102.9 

I0L(mA) 

27.2 

27.3 

25.8 

23.4 

23.3 

20.1 

IohChiA) 

23.1 

17.6 

17.3 

16.4 

15.5 

17.1 

TACCns) 

20.7 

21  .0 

22.3 

24.9 

25.7 

23.0 

S82S1 1 F 

Rads (Si ) : 

Pre 

50k 

100k 

300k 

500k 

lMa 

ICCi (nA) 

81.9 

81.0 

81.0 

79.7 

78.9 

76.4 

I0L(mA) 

43.1 

43.1 

42.4 

41.8 

40.9 

41  .1 

I0H('nA) 

17.4 

17.5 

17.4 

17.3 

17.2 

17.6 

TAC(ns) 

26.0 

27.1 

27.0 

26.9 

30.4 

31  .9 

MWS5501  D 

Rads (Si ) : 

Pre 

5k 

Tkl 

10ka 

ICC2^mA^ 

0.099 

1.39 

1 .89 

2.26 

I 0L(mA ) 

14.4 

14.2 

13.5 

13.0 

Ioh^) 

6.41 

5.73 

5.03 

4.85 

tac("s) 

77.0 

74.0 

75.0 

81  .6 

a  -  Contains  values  of  operational  devices  only. 


19 


'7* 


TABLE  4.  (CONTINUED) 
MM21 02-2MD 


Rads(Si ) : 

Pre 

500 

ICCi (mA) 

27.0 

26.8 

I0L(mA) 

1.38 

1.38 

I0H(mA) 

1.36 

1  .43 

TAC(ns) 

354 

350 

MM54C929D 


Rads (Si ) : 

Pre 

500 

1500 

Icc2(mA) 

0.076 

0.976 

0.565 

I0L(mA) 

8.85 

9.07 

9.16 

I0H^mA^ 

6.92 

6.76 

6.71 

TAC(ns) 

136 

132 

108 
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functionally  survived  1500  rads(Si).  Very  little  change  in  electrical 
performance  of  the  arrays  was  seen  between  pre-irradiation  and  500  rads(Si). 
Survival  of  the  MM54C929D  memories  was  only  slightly  better.  While 
all  10  arrays  functionally  survived  1  krad(Si),  changes  in  output 
currents  and  access  times  were  noted.  Nine  of  the  ten  devices  functionally 
failed  at  the  3  krad(Si )  level.  Functional  failures  for  MWS5501D 
arrays  were  seen  as  low  as  7  krads(Si);  all  10  devices  failed  at 
15  krads(Si).  These  arrays  also  showed  an  increase  in  standby  current. 

Table  4  includes  the  average  parametric  measurements  for  the  three  M0S 
memory  types  at  increasing  levels  of  gamma  radiation.  Complete  data 
for  these  arrays  are  also  listed  ir.  Appendix  A. 

Since  atomic  dislocations  even  for  high  energy  gamma  rays  are  not 
very  likely,  the  chief  mechanism  for  gamma-induced  damage  is  ionization. 

In  bipolar  devices  this  effect  can  create  leakage  currents,  but  the 

C 

leakages  are  not  great  enough  to  cause  circuit  failure  below  10  rads (Si). 
Total  ionizing  dose  has  a  more  devastating  effect  on  M0S  devices.  It 
produces  a  buildup  of  trapped  positive  charge  in  the  gate-oxide  insulator, 
and  creates  fast  surface  states  at  the  silicon-silicon  dioxide  interface. 

The  result  is  a  marked  shift  in  the  threshold,  or  turn-on,  voltage  of 
the  device  (Ref.  4),  which  in  turn  causes  failure.  Charge  is  also 
known  to  build  up  in  sapphire  at  the  sapphire-silicon  interface  of 
CM0S/S0S  devices.  This  gives  rise  to  back  channel  leakage,  which 
causes  an  increase  in  standby  current. 


4.  Meyers,  O.K.,  "What  Happens  to  Semiconductors  in  a  Nuclear 
Environment?"  El ectronics ,  Vol  51,  No.  6,  March  16,  1978, 
pp.  131-133. 
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V.  NEUTRON  FlUENCE  RADIATION  TESTS 


1.  TEST  PROCEDURES 

Neutron  fluence  tests  were  performed  at  the  Sandia  Pulsed 

Neutron  Reactor.  Ten  arrays  from  the  TTL  and  Schottky  TTL  families 

were  tested.  As  MOSFETS  are  inherently  hard  to  neutron  radiation,  the 

three  MOS  memory  types  were  not  evaluated  in  the  neutron  environment. 

12  2 

The  arrays  were  irradiated  from  5  x  10  n/cm  to  a  cumulative  level 
14  2 

of  7  x  10  n/cm  .  The  fluence  levels  are  1  MeV  equivalent.  During 
irradiation,  no  electrical  bias  was  applied  to  the  arrays.  At  each 
level  of  neutron  exposure,  the  devices  were  electrically  characterized 
and  checked  for  functional  failures.  Due  to  a  testing  error,  five 
93425DM  arrays  were  not  evaluated  at  3  x  10^ 4  n/cm2. 

2.  TEST  RESULTS 

Output  drive  currents  were  found  to  decrease  from  pre-irradiation 
levels  by  about  30%  before  functional  failure.  Parametric  and  timing 
specifications  did,  however,  remain  within  the  manufacturer's  specifications. 
Table  5  lists  the  average  parametric  test  measurements  and  Appendix  B 
contains  complete  test  results.  Functional  test  results  are  given 
below. 

2 

Neutron  Fluence  (n/cm  )  Functional  Failures: 


Device  No. 

5  x  1012  -  1  x  1014 

3  x  1014 

7  x  10 

93425DM 

0/10 

1/10 

8/10 

S82S11F 

0/10 

1/10 

7/10 
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TABLE  5.  AVERAGE  PARAMETRIC  MEASUREMENTS  OF  NEUTRON  FLUENCE  TESTS 

93425DM 

x  1013  n/cm2  Pre  0.595  4.98  12.6  31. 2a 

74. r 

ICCi (roA) 

104.0 

99.1 

100.9 

102.2 

98.6 

92.5 

I0L(mA) 

29.2 

32.5 

24.2 

22.1 

18.1 

12.8 

28.4 

18.6 

18.0 

19.8 

17.8 

17.7 

TAC(nS^ 

21.7 

30.4 

19.4 

21.0 

21  .2 

28.5 

S82S1 1 F 

1 3  2 

x  lO13  n/crn 

Pre 

0.595 

1.09 

10.5 

33. 0a 

70. 0‘ 

ICCi (mA) 

81 .4 

83.7 

83.3 

80.7 

73.5 

66.9 

IQL(mA) 

44.5 

43.5 

43.3 

37.1 

30.4 

29.0 

l0H(mA) 

33.3 

16.7 

17.1 

16.6 

15.7 

15.6 

TAC(ns) 

25.9 

25.3 

26.9 

26.9 

25.9 

37.3 

a  -  Contains  values  of  operational  devices  only. 
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The  predominant  neutron  damage  mechanism  is  atomic  displacement. 
Disruption  of  the  silicon  crystal  lattice  structure  results  in  generation 


recombination  centers  which  reduces  minority  carrier  lifetime.  These 
dislocations  also  decrease  the  mobility  of  both  majority  and  minority 
carriers.  The  decrease  in  mobility  lowers  the  transconductance  and, 
therefore,  the  speed  of  the  device.  Reduction  in  minority  carrier 
lifetime  has  little  degrading  effect  on  MOSFETS  since  they  are  majority 
carrier  devices.  For  this  reason,  a  neutron  fluence  much  greater  than 
1014  n/cm2  is  needed  to  significantly  affect  MOS  performance  (Ref.  5). 
Unfortunately,  this  is  not  the  case  with  bipolar  technology.  As  bipolar 
transistors  are  minority  carrier  devices,  transistor  current  gain  (hpE) 
is  degraded  and  causes  functional  failure. 


5.  Antinone,  R.J.,  and  Phillips,  D.  H. ,  "A  Theoretical  Study  of  the 

Permanent  and  Transient  Effects  of  Ionizing  Radiation  on  the  Electrical 
Performance  of  Metal  Oxide  Semiconductor  on  Sapphire  Inverters," 

Final  Report  AFWl-TR-74-264,  February  1976- 
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VI.  CONCLUSIONS 


This  study  has  evaluated  the  radiation  response  of  five 
commercially  available  LSI  static  RAM  arrays.  Tests  for  gamma  dose- 
rate  logic  and  memory  upset  revealed  thresholds  several  orders  of 
magnitude  less  than  specially  fabricated  arrays  for  all  the  tech¬ 
nologies  except  the  MWS5501D  CMOS/SOS  arrays.  The  MWS5501D's 
threshold  of  7.0  x  10^  rads (Si  )/s  was  not  surprising  because  of  the 
SOS  technique.  However,  this  memory  type,  along  with  the  other  two 
MOS  types,  experienced  a  total  gamma  dose  failure  threshold  on  the 
order  of  102  to  104  rads(Si);  hardening  techniques  can  significantly 
increase  their  thresholds  to  more  than  10^  rads(Si).  Both  TTL  RAM 
arrays  showed  significant  total  dose  hardness  for  commercial  devices. 
Their  failure  thresholds  were  found  to  be  greater  than  5  x  105  rads(Si). 
Likewise,  in  the  neutron  environment,  a  high  degree  of  hardness  was 
apparent  since  90%  of  both  TTL  RAM  types  survived  3  x  1014  n/cm2. 

Latchup  was  seen  in  the  MM54C929D  CMOS  arrays  at  5.0  x  107  rads(Si)/s, 
but,  more  interestingly,  the  tests  also  found  that  the  S82S11F  Schottky 
TTL  RAM  is  susceptible  to  latchup.  Table  6  summarizes  the  results  of 
this  evaluation,  and  relates  the  values  to  typical  failure  thresholds 
of  specially  hardened  technologies.  Comparison  of  these  values  will 
be  useful  in  assisting  the  memory  design  of  future  military  and  space 
systems  subjected  to  radiation  environments. 


TABLE  6.  FAILURE  THRESHOLDS 


COMMERCIAL 

TECHNOLOGY 

NEUTRON 
(n/cm  ) 

TOTAL  DOSE 
rads (Si ) 

DOSE- RATE  UPSET 
rads (Si  )/s 

TTL  (93425DM 
and  S82S11F) 

3  x  1014 

>  5  x  105 

00 

o 

1 

r-*-. 

o 

NMOS  (MM21 02-2MD) 

>  1015 

103 

108 

CMOS  (MM54C929D) 

>  1015 

1-3  x  103 

5  x  107 

CMOS/SOS  (MWS5501) 

LT) 

O 

A 

5-7  x  103 

7  x  1010 

HARDENED 

TECHNOLOGY 

TTL/DI3 

V 

CO 

X 

o 

-p* 

106 

109  -  1010 

CMOS 

>  1015 

105  -  106 

cn 

o 

i 

CD 

O 

CMOS/SOS 

>  1015 

105  -  106 

109  -  1010 

a  -  For  SSI/MSI  logic  only. 
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APPENDIX  A 


TOTAL  GAMMA  DOSE  TEST  DATA 


This  appendix  contains  the  total  gamma  test  data  for  all  of  the 
devices  that  were  examined.  I^  is  the  power  supply  current  being 
delivered  while  the  array  is  cycling.  1s  the  standby  power 

supply  current.  Cycle  rates  used  in  the  tests  are  given  below. 


DEVICE  NO. 
9 342 5 DM 
S82S11F 
MM2102-2MD 
MM54C929D 
MWS5501 D 


CYCLE  RATE  (MHz) 
5 
5 

1.25 

2 

2 
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Rads (SI ) : 

Pre 

50k 

93425DM 

100k 

300k 

500k 

1M 

Device  #21 

^Cl 

101 

102 

98 

95 

100 

F 

I0L(mA) 

28.6 

29.1 

27.4 

25.3 

26.9 

A 

I0H(mA) 

28.1 

17.6 

17.4 

16.6 

13.6 

I 

TAC(ns) 

18 

16 

18 

22 

25 

L 

Device  #22 

XCC1 ^mA^ 

100 

105 

107 

105 

98 

F 

I0L(mA) 

23.7 

23.6 

22.5 

21.1 

21.6 

A 

I0H^mA) 

27.9 

17.5 

16.8 

14.0 

11.7 

I 

TAC(ns) 

19 

16 

16 

27 

26 

L 

Device  #23 

ICC1 (mA) 

102 

102 

102 

109 

107 

F 

1 0  L  ( m A ) 

29.7 

31.3 

30.3 

27.7 

27.4 

A 

I0H(mA) 

27.6 

17.1 

16.6 

11.4 

12.8 

I 

TAC(ns) 

17 

18 

22 

32 

23 

L 

29 


93425DM  (CONTINUED) 


Rads (Si ) : 

Device  #24 

Pre 

50k 

100k 

300k 

500k 

1M 

ICC1 

101 

98 

100 

107 

95 

F 

I0L(mA) 

33.6 

37.1 

35.9 

33.1 

33.0 

A 

^(mA) 

28.9 

18.3 

18.3 

18.2 

17.1 

I 

TAC(ns) 

37 

39 

37 

35 

42 

L 

Device  #25 

1 CC1 

102 

102 

105 

105 

102 

F 

I0L(mA) 

15.6 

21.9 

20.7 

19.3 

19.2 

A 

I0H(mA) 

28.9 

17.4 

17.3 

16.9 

15.9 

I 

TAC(ns) 

17 

19 

18 

18 

23 

L 

Device  #26 

*001  ^mA^ 

110.2 

111.4 

110.5 

110.0 

108.8 

109.3 

C 

£ 

_J 

o 

tH 

35.1 

31.8 

30.7 

28.3 

25.4 

23.6 

IohC^a) 

17.8 

17.8 

17.5 

17.1 

17.3 

17.1 

TAC(ns) 

19 

21 

22 

22 

23 

23 

30 


T1 


9 342 5 DM  (CONTINUED) 


Rads($1 ) : 

Device  #27 

Pre 

50k 

100k 

300k 

500k 

]M 

ICCi (mA) 

96.7 

98.1 

97.1 

96.4 

95.5 

F 

I0L(mA) 

26.3 

23.6 

22.7 

20.5 

18.3 

A 

17.8 

17.8 

17.1 

17.3 

16.6 

I 

TAC(ns) 

18 

20 

22 

22 

23 

L 

Device  #28 

ICCi (mA) 

98.3 

100.7 

102.4 

103.1 

104.3 

F 

IqI_(hiA) 

28.6 

26.4 

25.1 

23.4 

22.2 

A 

^hC^A) 

17.9 

17.8 

17.4 

17.4 

16.0 

I 

TAC(ns) 

21 

21 

23 

23 

24 

L 

Device  #29 

ICCi (mA) 

99 

100.5 

100 

100.7 

100.2 

99 

I0L(mA) 

25.4 

23.7 

23.4 

20.7 

19.3 

18.4 

I0H(mA) 

17.9 

17.5 

17.3 

17.4 

17.0 

17.2 

TAC(ns) 

21 

20 

22 

23 

23 

23 

31 


94325DM  (CONTINUED) 


Rads(Sl): 

Pre 

50k 

Device  #1 

ICC] (mA) 

102.9 

102.1 

f 

'w' 

O 

25.4 

24.2 

Iqh^) 

17.9 

17.4 

TAC(ns) 

20 

20 

100k 

300k 

500k 

1M 

103.6 

100.7 

100.7 

100.5 

23.0 

20.9 

19.3 

18.3 

17.4 

17.4 

17.1 

16.9 

23 

23 

23 

23 

32 


S82S11F 


Rads (Si ) : 

Device  #1 

Pre 

50k 

100k 

300k 

500k 

in 

Icci 

79.1 

79.6 

78.9 

77.5 

76.8 

75.4 

I0L(mA ) 

33.6 

33.9 

33.6 

33.3 

33.4 

32.6 

15.7 

17.0 

16.9 

16.9 

16.6 

16.8 

TSC(ns) 

28 

29 

28 

28 

32 

35 

Device  #2 


T  (mA) 

ACC1 

81.3 

77.9 

80.3 

78.9 

77.5 

76.8 

I0L(mA) 

35.2 

35.2 

34.9 

34.0 

33.3 

32.6 

I0H(n,A) 

16.1 

16.5 

16.0 

16.5 

16.2 

16.4 

TAC(ns> 

26 

27 

27 

27 

30 

32 

Device  #3 


icci 

77.5 

75.6 

76.0 

75.4 

73.9 

72.5 

i  ) 

36.3 

35.8 

35.2 

35.2 

34.9 

34.6 

lQH(mA) 

17.0 

17.0 

16.8 

16.9 

16.7 

16.9 

TAC(ns> 

27 

28 

28 

28 

32 

34 

33 
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S82S11F  (CONTINUED) 


Rads(SI): 

Pre 

50k 

100k 

300k 

500k 

1M 

Device  #4 
ICCi (mA) 

86.0 

85.5 

85.2 

84.5 

83.8 

82.4 

E 

O 

*— 4 

59.4 

59.0 

58.0 

55.1 

54.3 

54.4 

I0H(mA) 

19.3 

19.4 

19.1 

18.8 

18.9 

18.8 

TAC(nS ) 

23 

25 

25 

25 

28 

28 

Device  #5 

ICci (mA) 

80.7 

80.4 

80.3 

78.9 

78.2 

76.3 

I0L(mA) 

61.0 

61  .4 

60.2 

59.2 

58.5 

57.2 

VmA) 

20.1 

19.9 

19.8 

20.0 

19.5 

19.8 

TAC(ns ) 

23 

24 

24 

25 

27 

28 

Device  #6 

*CC1 

79.8 

78.9 

79.6 

78.2 

77.5 

76.0 

59.7 

59.5 

58.9 

58.6 

55.7 

55.1 

< 

E 

x: 
o 
»— « 

‘  20.1 

19.9 

20.0 

19.4 

19.5 

19.8 

TAC(ns) 

26 

26 

26 

26 

29 

30 

34 


S82S11F  (CONTINUED) 


Rads (Si ): 

Pre 

50k 

100k 

300k 

500k 

1M 

Device  #7 

ICCi (mA) 

95.1 

92.3 

92.3 

90.8 

90.1 

F 

IgL(mA) 

36.3 

36.8 

35.6 

35.7 

35.0 

A 

I0H(raA) 

15.9 

16.0 

15.8 

15.6 

15.7 

I 

TAC(ns) 

27 

28 

28 

27 

31 

L 

Device  #8 


!cci 

80.2 

80.3 

79.6 

78.2 

77.5 

76.0 

I0L(mA) 

32.7 

32.4 

32.2 

32.1 

31.3 

30.5 

I0H(mA) 

14.5 

14.6 

14.7 

14.5 

14.4 

14.5 

TAC<ns) 

26 

27 

27 

26 

30 

32 

Device  #9 

^Cl  ^mA^ 

79.1 

78.9 

78.2 

76.8 

76.0 

74.6 

IgL(mA) 

35.2 

36.4 

34.8 

34.6 

33.7 

33.6 

*0H^mA^ 

16.7 

16.8 

16.9 

16.6 

16.6 

16.6 

TAC(ns) 

28 

28 

28 

29 

33 

35 

S82S11F  (CONTINUED) 


Rads (Si ): 

Device  #10 

Pre 

50  k 

100k 

300k 

500k 

1M 

ICCi (mA) 

80.3 

80.3 

79.6 

78.2 

77.5 

76.8 

1 0L  ^ 

41 .7 

41.0 

40.7 

39.7 

39.3 

39.4 

I0H'mA> 

18.0 

18.1 

18.1 

17.8 

17.9 

18.5 

TflC<ns) 

26 

29 

29 

28 

32 

33 

i 


MM2 1 02  -  2MD  (CONTINUED) 

Rads(Si ) : 

Pre 

500 

1500 

Device  #5 

J c  c 1  ^  ) 

18.9 

19.9 

21.1 

I0L(mA) 

1.69 

1.68 

1 .84 

I0H(mA) 

1.14 

1.62 

.89 

TAC(ns) 

260 

275 

300 

Device  #8 

Icc1 (mA) 

27.2 

2.84 

F 

1 0  L  ( m  A ) 

1.32 

1.32 

A 

I0H(mA) 

1 .38 

1.43 

I 

TAC(ns) 

325 

320 

L 

Device  #11 a 

ICCi (mA) 

22.2 

22.5 

F 

I0L(mA) 

1 .41 

1 .40 

A 

I0H^mA) 

.99 

1.01 

I 

TAC(ns) 

445 

430 

L 

a  -  Devices 

with  grounded 

inputs. 
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500 


1500 


MM2 1 02  -  2MD  (CONTINUED) 
Rads (Si ) :  Pre 

Device  #15 


ICC1 (mA) 

28.9 

29.8 

F 

I OL (mA ) 

1.37 

1  .36 

A 

1.99 

1.99 

I 

Tflc(ns) 

270 

265 

L 

a  -  Devices  with  grounded  inputs. 
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MM54C929D 


Rads (Si ) : 

Pre 

500 

1500 

3000 

5000 

"Device  #11a 
ICC1  (mA-K^ 

4.12 

4.12 

4.50 

F 

W*) 

0.076 

0.076 

0.534 

A 

I0L(mA) 

10.5 

10.6 

10.9 

I 

I0H(mA) 

7.26 

7.19 

7.02 

L 

TAC(ns) 

100 

100 

100 

Device  #12a 
ICC1 (mA) 

3.97 

3.97 

4.10 

4.12 

4.96 

Icc2(mA) 

0.076 

0.076 

0.382 

0.305 

1  .07 

i01_M) 

9.30 

9.39 

9.62 

9.84 

9.74 

IgnCmA) 

6.66 

6.60 

6.46 

6.17 

5.93 

TAC(ns) 

105 

no 

105 

105 

115 

Device  #13a 
ICC1 (mA) 

3.82 

3.82 

4.27 

F 

icc2(mA) 

0.076 

0.076 

0.534 

A 

I0L(mA) 

8.12 

8.21 

8.35 

I 

7.13 

7.01 

6.88 

L 

TAC(ns) 

115 

115 

no 

a  -  Devices  with  grounded  inputs. 
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MM54C929D  (CONTINUED) 


Rads (SI): 
Device  #14a 

Pre 

500 

1500 

3000 

^Cl  ^mA^ 

3.74 

3.74 

4.10 

F 

ICC2(mA) 

0.076 

0.076 

0.458 

A 

IQL(mA) 

7.80 

7.88 

8.04 

I 

I0H(mA) 

6.40 

6.33 

6.15 

L 

TAC(nS ) 

120 

120 

120 

Device  #15a 

icci 

3.89 

3.89 

4.81 

F 

ICC2(mA) 

0.076 

0.076 

0.916 

A 

I0L(mA) 

8.65 

8.73 

8.91 

I 

I0H(mA) 

7.62 

7.01 

6.56 

L 

TAC(ns) 

110 

no 

105 

Device  #21 

O 

o 

3" 

3.59 

3.59 

3.59 

F 

ICc2(mA) 

0.076 

0.076 

0.076 

A 

I0L(mA) 

9.33 

9.53 

9.83 

I 

*0H^mA^ 

7.62 

7.01 

6.56 

L 

TAC(ns) 

155 

145 

135 

a  Devices  with  grounded  input. 
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5000 


MM54C929D  (CONTINUED) 


Rads (Si ) : 

Device  #22 

Pre 

500 

1500 

3000 

Icc1 (mA) 

3.51 

3.51 

3.44 

ICC2^mA^ 

0.076 

0.076 

0.076 

I0L(mA) 

8.91 

9.10 

9.29 

I0H(mA) 

6.47 

6.35 

6.15 

TAC(ns) 

165 

160 

150 

Device  #23 

ICCi  (n>A) 

4.05 

4.05 

4.05 

F 

icc2((nA) 

0.076 

0.076 

0.076 

A 

I0L(mA) 

8.58 

8.72 

8.95 

I 

I OH ( mA ) 

6.67 

6.53 

6.47 

L 

TAC(ns) 

165 

155 

145 

Device  #24 

> 

Ice  (mA) 

3.74 

3.70 

3.66 

F 

I CC2 ) 

0.076 

0.076 

0.076 

A 

1 0 1_  ( mA ) 

8.76 

8.92 

9.22 

I 

I0H(mA) 

6.56 

6.43 

6.32 

L 

TAC(ns) 

170 

160 

140 

5000 
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D  (CONTINUED) 


Rads (Si ): 

Device  #25 

Pre 

500 

1500 

3000 

ICC1 (mA) 

3.82 

3.80 

3.74 

F 

icc2(mA) 

0.076 

0.076 

0.076 

A 

I0L(mA) 

9.56 

9.70 

10.0 

I 

1 OH (m^ ) 

7.08 

7.01 

6.92 

L 

tac ( ns ) 

155 

145 

130 

I 

\\ 

L 


5000 


MWS  5501 D  (CONTINUED) 


Rads (Si ) : 

Pre 

5k 

7k 

10k 

15k 

Device  #19 
ICCi (®A) 

6.49 

11.1 

16.4 

F 

icc2(mA) 

0.076 

3.82 

6.26 

A 

I0L(mA) 

16.2 

15.8 

15.3 

I 

I0H(fnA) 

6.57 

5.47 

4.50 

L 

TAC(ns) 

80 

60 

60 

Device  #20 

iCCi (™a) 

6.41 

7.63 

11.1 

22.4 

F 

ICC2 (mA) 

0.076 

1.15 

1.30 

2.14 

A 

Iql (mA ) 

14.4 

15.2 

14.8 

13.3 

I 

I0H(mA) 

6.05 

5.41 

5.06 

4.52 

L 

TAC(ns) 

85 

70 

75 

80 

Device  #11a 

icci ^ mA ) 

6.56 

8.24 

12.5 

F 

Icc2(mA) 

0.305 

1.53 

1.95 

A 

I0L(mA) 

11.4 

11.4 

10.6 

I 

I0H(nA) 

6.12 

5.47 

5.05 

L 

TAC{ns) 

75 

85 

80 

a  -  Devices  with  grounded  Inputs. 
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MWS  5501 D  (CONTINUED) 

Rads(Si): 
Device  #12° 

Pre 

i 

5k 

7k 

10k 

ICCi (mA) 

6.30 

7.25 

10.5 

F 

ICC2^mA^ 

0.076 

0.534 

1.50 

A 

I0L(mA) 

13.0 

13.6 

13.0 

I 

I0H(mA) 

6.06 

5.58 

4.95 

L 

TAC(ns ) 

80 

85 

90 

Device  #13a 
ICCi  (mA) 

7.18 

7.48 

F 

ICc2(fflA) 

0.076 

0.687 

A 

I0L(mA) 

16.7 

16.7 

I 

I0H(n’A) 

7.61 

7.12 

L 

TAC(ns) 

65 

70 

Device  #14a 

*001 

7.02 

7.02 

8.20 

10.50 

I CC2 (mA ) 

0.076 

0.229 

1.20 

3.50 

^01_(n'A) 

14.9 

15.0 

14.8 

13.5 

I0H(mA) 

6.69 

6.45 

6.30 

5.25 

TAC{ns) 

70 

80 

75 

85 

a  -  Devices 

with  grounded  inputs. 
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15k 


I 


MWS  5501 D  (CONTINUED) 


Rads (Si): 
Device  #15a 

Pre 

5k 

ICCi  (mA) 

6.26 

9.69 

I CC2  ) 

0.076 

2.80 

I0L(mA) 

13.4 

13.2 

I0H(mA) 

6.02 

5.53 

TAC(ns) 

75 

80 

a  -  Devices  with  grounded  input. 


Appendix  B 


NEUTRON  FLUENCE  TEST  DATA 


This  appendix  contains  the  neutron  fluence  test  data  for  all 
of  the  devices  tested.  is  the  power  supply  current  being 

delivered  while  the  arrays  are  cycling  at  5  MHz. 


9 

I 


X  1013  n/cm2: 

Pre 

93425DM 

0.595 

Device  #7 

ICCi CmA) 

109 

105 

Iql  ) 

36.5 

38.3 

i0„W) 

25.5 

20.2 

TAC(ns) 

24 

26 

Device  #8 

ICCi (mA) 

109 

100 

I0L(mA) 

35.4 

40.7 

IoH^mA) 

30.0 

19.8 

TAC(ns) 

20 

33 

Device  #9 

ICC1 

110 

107 

I0l_(mA) 

28.8 

31 .3 

W"*) 

29.3 

19.5 

TAC(0S) 

25 

36 

4.98 

12.6 

31  .2 

74.1 

100 

102 

96 

90 

32.6 

27.7 

13.6 

12.8 

19.8 

21  .4 

18.3 

17.9 

22 

23 

23 

29 

102 

109 

104 

95 

29.9 

29.5 

29.4 

12.8 

19.5 

21.2 

18.3 

17.4 

19 

19 

22 

28 

105 

107 

102 

F 

22.3 

20.5 

20.3 

A 

19.0 

21  .0 

19.2 

I 

22 

32 

24 

L 
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93525DM  (CONTINUED) 


1 3  2 

x  10  J  n/cm  : 

Pre 

0.595 

4.98 

12.6 

31.2 

74.1 

Device  #10 

ICCi (mA) 

101 

98 

98 

98 

F 

I0L(niA) 

28.4 

29.7 

22.8 

20.3 

A 

I0H(mA) 

27.0 

17.5 

17.1 

18.8 

I 

TAC(ns> 

2G 

33 

23 

18 

L 

Device  #11 

ICC1 

113 

112 

107 

114 

F 

I0L(mA) 

31.3 

35.4 

29.9 

23.6 

A 

VmA) 

32 

20.9 

20.9 

22.6 

I 

TAC(ns ) 

33 

44 

23 

27 

L 

Device  #14 

ICC1 ^mA^ 

102 

93 

100 

100 

99 

F 

I0L(mA) 

24.3 

27.5 

16.8 

18.9 

12.1 

A 

J0H(mA) 

28.6 

17.8 

16.8 

18.5 

16.3 

I 

TAC(ns) 

19 

24 

18 

18 

17 

L 
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93425DM  (CONTINUED) 


xIO13  n/cm2: 
Device  #16 

Pre 

0.595 

4,98 

12,6 

3i 

ICCi  (">A) 

99 

100 

100 

102 

F 

I0L(mA) 

26.9 

30.3 

19.1 

21 .3 

A 

I0H(mA) 

27.9 

18.0 

17.3 

19.0 

I 

TAC(ns) 

18 

24 

16 

17 

L 

Device  #17 

*001 

98 

93 

95 

100 

F 

I0L(mA) 

27.0 

30.7 

23.5 

21.3 

A 

IGH (mA) 

27.6 

17.5 

16.4 

18.3 

I 

TAC(ns ) 

18 

24 

17 

20 

L 

Device  #18 

*001  ^mA^ 

99 

90 

100 

95 

F 

1 0  L ( mA ) 

27.9 

32.9 

25.5 

21.5 

A 

28.9 

17.8 

17.1 

18.8 

I 

TAC(ns) 

20 

14 

17 

17 

L 

.2  74.1 
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93425DM  (CONTINUED) 


1 "?  2 
x  10IJ  n/cm  : 

Pre 

0.595 

4.98 

12.6 

31.2  74.1 

Device  #19 

ICC1 (mA) 

100 

93 

102 

95 

F 

I0L(mA) 

25.1 

27.9 

20.1 

18.9 

A 

IoH(mA) 

27.3 

17.1 

17.0 

18.8 

I 

TAC(nS^ 

20 

26 

17 

19 

l 
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S82S1 1 F  (CONTINUED) 


X  1013n/cm2: 

Pre 

0.569 

1.09 

10.5 

3.30 

70 

Device  #13 

ICCI (mA) 

82.9 

85.9 

85.2 

83.1 

76.1 

67.3 

I 0L (mA ) 

58.1 

58.7 

56.8 

52.7 

39.6 

28.5 

IoH(n'A} 

18.5 

17.8 

18.0 

17.5 

16.5 

15.6 

V0L(V) 

0.307 

0.308 

0.308 

0.324 

0.346 

0.368 

V0H<V> 

3.46 

3.46 

3.45 

3.46 

3.47 

3.45 

TAC(ns) 

25 

25 

26 

25 

25 

37 

Device  #14 

ICci (mA) 

82.4 

85.2 

84.5 

81.0 

74.6 

F 

Iot(mA) 

37.0 

36.4 

36.4 

32.9 

26.0 

A 

( OH (mA ) 

18.3 

17.0 

17.4 

17.2 

16.5 

I 

v0L(v) 

0.369 

0.370 

0.372 

0.389 

0.418 

L 

voh'v> 

3.44 

3.44 

3.44 

3.44 

3.45 

TAC(ns> 

27 

27 

28 

27 

27 
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S82S11F  (CONTINUED) 


x  10  J  n/cm: 

Pre 

0.569 

1.09 

10.5 

3.30 

Device  #15 

*CC1 ("A) 

82.2 

85.2 

84.5 

81.7 

74.6 

I0L(mA) 

34.1 

33.6 

32.9 

30.1 

23.8 

I0H(mA) 

15.6 

15.3 

15.4 

15.3 

14.3 

V0L(V) 

0.380 

0.382 

0.382 

0.401 

0.435 

V0H(#> 

3.44 

3.44 

3.44 

3.44 

3.44 

TSC("S> 

25 

26 

28 

26 

25 

Device  #16 

ICC1 

80.8 

83.8 

83.1 

80.3 

73.2 

I0L(mA) 

59.7 

57.3 

55.9 

46.7 

37.4 

i0H{mA) 

18.3 

17.9 

18.0 

17.8 

16.5 

vol(v> 

0.322 

0.310 

0.313 

0.326 

0.354 

Wv> 

3.46 

3.45 

3.45 

3.45 

3.46 

Tar(ns ) 

25 

26 

26 

25 

25 
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S82S11F  (CONTINUED) 


x  TO13  n/cm2: 

Pre 

0.569 

1.09 

10.5 

3.30 

Device  #17 

Iccl (mA) 

81.3 

81.7 

81.7 

78.9 

71  .8 

iol(»a) 

35.2 

34.7 

35.3 

30.6 

24.6 

'0H<mA> 

17.1 

16.5 

16.8 

16.5 

15.5 

»0L(V) 

0.380 

0.380 

0.383 

0.399 

0.432 

V0H(V> 

3.45 

3.44 

3.44 

3.44 

3.44 

TAC(ns) 

27 

27 

29 

27 

27 

Device  #18 

^ CCl 

84.7 

85.2 

85.2 

82.4 

F 

I0L(»A) 

34.6 

34.3 

35.9 

30.6 

A 

W"A> 

16.1 

15.5 

15.9 

15.4 

I 

V0L(V) 

0.379 

0.380 

0.381 

0.399 

L 

VV) 

3.44 

3.44 

3.44 

3.44 

TAC(ns) 

26 

26 

27 

27 
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S82S11F  (CONTINUED) 


1 3  2 

x  10IJ  n/cm  : 

Pre 

0.569 

Device  #19 
lca  (fflA) 

83.2 

85.0 

I0L(mA) 

59.7 

58.2 

X 

o 

M 

19.2 

18.2 

WV> 

0.310 

0.308 

VV) 

3.45 

3.44 

TAC(ns> 

25 

24 

Device  #20 

TCC1 

80.7 

83.8 

Iql 

59.2 

56.8 

r0H("A> 

19.4 

19.7 

v0L(v) 

0.317 

0.319 

Vv) 

3.45 

3.45 

Tflc(ns) 

24 

23 

1.09 

10.5 

3.30 

70 

85.2 

83.1 

75.4 

67.3 

56.8 

50.8 

38.1 

28.6 

19.0 

18.7 

17.3 

14.6 

0.311 

0.326 

0.351 

0.384 

3.44 

3.44 

3.45 

3.48 

26 

24 

25 

38 

83.8 

81.0 

73.2 

66.0 

57.5 

50.8 

39.8 

30.0 

19.7 

18.7 

17.7 

16.5 

0.318 

0.331 

0.353 

0.379 

3.45 

3.45 

3.47 

3.44 

24 

23 

24 

37 
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AFWL-TR-79-118 


DISTRIBUTION 


DTIC/DDA 

DNA/TITl/WashDC 

DNA/DDST 

DNA/RAEV 

DNA/STTI 

FCDNA/KAFB 

Dir  Nat’ I  Scty  Agency/Ft  Meade 
Cmdr/Harry  Diamond  Labs/Adel  phi ,  MD 
Dir  NRL/WashDC 
Code  5210 
Code  2627 
Code  4104 
Code  5580 
Code  521 6 
Code  601 
Code  6701 
Code  6631 

QIC  NWSC,  Crane,  IN. 

OIC  NSWC/Whlte  Oak,  Silver  Spring,  MD 

AF  APL/WPAFB 

AFIT/AU/WPAFB 

AFML/WPAFB 

AFWL/NTMP 

AFWL/NT 

AFWL/SUL 

AFWL/HO 

AFTAC/TFS/Patrlck  AFB 

AFAL/OHM 

AFAL/DH 

AFAL/DHEASD/FNESS 

ASD/YH/FX 

ASD/FNACC 

Hq  Electronic  Sys  Dlv/YSFA/Hanscom  AFB 

RADC/RBRAC/Grlffls  AFB 

RADC/RBRP/Grlffls  AFB 

RADC/FSR 

RADC/FSD 

RADC/FTS 

SAMSO/DY/L.A. 

SAMSO/IN/L.A. 

SAMSO/MNNH/Norton  AFB 
SAMSO/MNNG. Norton  AFB 
SAMSO/RSMG/l.A. 

SAMSO/RSSE/L.A. 

SAMSO/SKE/L.A. 

SAMSO/SZJ/L.A. 

SAMSO/YCD/l.A. 

DOE/Alb  Ops  Off 
Sandla  Lab/Org  2110 
Sandla  Lab/Org  3141 
Sandla  Lab/Org  2140 
Sandla  Lab/Org  2144 
Sandla  Lab/Org  2116 


Dept  of  Commerce/Nat ' 1  Bureau  of 
Standards/WashDC. 

Aerojet  Electro-Sys  Co/Azusa 
BDM  Corp/AI buquerque 
Boeing  Co/Seattle 

California  Inst  of  Tech/JPL/Pasadena 
Charles  Stark  Draper  Lab/Cambridge 
Fairchild  Camera  4  Instrument  Corp/ 
Mountain  View,  CA 

GE  Space  Dlv  Valley  Forge  Space  Center/ 
Philadelphia 

GE  Reentry  &  Environmental  Sys  Dlv/ 
Philadelphia 
GE  TEMPO/Santa  Barbara 
Harris  Corp/Mel bourne, FL 
Honeywell  Inc/Lexington,  MA 
Hughes  Acft  Co/Culver  City 
Hughes  Acft  Co/L.A. 

IRT  Corp/San  Diego 

MIT  Lincoln  Lab/Lexington,  MA 

McDonnell  Douglas  Corp/Huntlngton  Beach 

MRC/San  Diego 

Northrop  Corp/Palos  Verdes 

Northrop  Corp/Hawthorn,  CA 

Northrop  Corp/Electronic  Dlv/Hawthorn 

R&D  Assoc/Marina  del  Rey 

Raytheon  Co/Sudbury,  MA 

RCA  Astro  Electronics/Princeton,  NJ 

RCA  Camden  Complex/Camden,  NJ 

Rockwell  Int'l  Corp/Anahelm 

SAI/La  Jolla 

Lincoln  Lab/Lexington,  MA 
INTEL  Corp/Aloha,  OR 
National  Semiconductor/Santa  Clara 
Clemson  Univ/Dept  of  Elec  &  Computer 
Engineering 
AFSC/DLWM 
AUL/LDE 

AFWL/NTMP/Off  Record  Cy 
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